Background: Deep carious lesions cause pulpitis, pulpal necrosis and, finally, apical periodontitis (AP). Root canal treatment (RCT) is the treatment of choice for AP, changing the tooth into a root-filled tooth (RFT). Several studies have linked AP and RFT to systemic diseases. Likewise, previous studies have also found an association among inflammatory bowel disease (IBD) and periodontal disease. This study aims to analyze the frequency of AP and RCT in IBD patients and healthy control subjects.
INTRODUCTION
Within the categorization of inflammatory bowel diseases (IBDs), 2 recurrent and chronic inflammatory processes of the gastrointestinal tract are included: Crohn's disease (CD) and ulcerative colitis (UC). Both diseases are characterized by diffuse inflammation of the intestinal mucosa, but in CD any part of the digestive tract can be affected. Although terminal ileum is the most frequent site affected, the disease UC can be found from mouth to rectum. Ulcerative colitis affects the colon, with the sigma and rectum the most affected regions. 1 Among 4% and 16% of patients with IBD present oral manifestations, including mucosal edema, linear ulceration, angular cheilitis, and granulomatous gingivitis;
2 they also present a higher prevalence of caries 3, 4 and periodontal disease. 5, 6 Apical periodontitis (AP) is a sequel of tooth decay, occurring when the dental pulp becomes inflamed and necrotic as a consequence of the fact that the caries lesion has irreversibly affected the pulp. The inflammatory response of the periapical tissues is triggered by the leakage through the apical foramen of polymicrobial and antigenic content of the root canal. 7 Chronic periapical inflammation is characterized by the presence on the radiograph of a radiolucent image around the apex of the affected tooth, resulting from inflammatory resorption of alveolar bone. 8 The prevalence of AP is high all over the world, 9, 10 and good periapical wound healing can only be achieved with RCT, which is the treatment of choice for teeth with AP. 7 Several studies have found an association among AP and systemic diseases in whose etiology the pro-inflammatory status of the patient intervenes, such as diabetes mellitus 11, 12 and cardiovascular desease. 13, 14 Moreover, a previous study showed that women with IBD had a greater prevalence of AP, and subjects with IBD had larger periapical lesions than healthy subjects. 15 However, the available scientific evidence is inconsistent. The aim of this age-and gender-matched casecontrol study was to analyze the prevalence of apical periodontitis, assessed as radiolucent periapical lesions (RPLs) and the frequency of root filled teeth (RFT) in healthy control patients and patients with IBD. The null hypothesis was there are no significant differences among control subjects and IBD patients in the prevalence of endodontic variables.
MATERIALS AND METHODS

Patient Selection
Participants were recruited among patients with IBD receiving treatment at the San Juan de Dios Hospital (Seville, Spain) from 2017 to 2018. Subjects reporting a history of CD or UC (diagnosed according to the international investigational protocols 16 and following the Montreal classification of IBD 17 ), were asked to voluntarily participate in the study group (SG). The criteria that determined the inclusion of the patients were as follows: patients had to be older than 18 years, have a minimum of 8 remaining teeth, and agreed to a radiological examination. Consenting patients were invited to participate at each clinical site. Only 2 patients refused to participate. Once the minimum sample size (n = 49) was widely surpassed (n = 54), the recruitment was terminated. A group of 54 patients, 31 men and 23 women (43.1 ± 14.0 years) who agreed to participate and who met with the criteria established for including and excluding patients, constituted the study group. Table 1 shows the diagnoses and clinical characteristics of the patients with IBD included in the study group, according to the Montreal classification, 16 and Table 2 shows the distribution of patients according to treatment (corticosteroids, immunosuppression, and biologic medication).
An additional 54 subjects, 31 men and 23 women (43.1 ± 13.8 years) who agreed and met the same inclusion and exclusion criteria and reported no clinical sign of ongoing systemic diseases nor history of IBD, were matched for gender and age; these subjects constituted the control group (CG). For the selection of the control patients, subjects were selected from the same city and health district from among those who requested nonurgent dental assistance for the first time at the Dental Clinic of the School of Dentistry among a period from 2016 to 2018.
Radiographic Examination
The status of the periapical tissues was radiologically diagnosed using digital orthopantomographies taken by 2 proficient technicians with more than a decade of experience (Promax, Planmeca, class 1, type B, 80 KHz, Planmeca, Helsinki, Finland).
Radiographic Evaluation
The periapical index (PAI) score, 18 as explained previously (Table 3) 14, 19 was applied to evaluate the status of the periapical tissues. Periapical pathology was diagnosed when a score higher than 2 was obtained (PAI ≥ 3). In the case of multirooted teeth, the highest score obtained in the analyzed roots was taken as the PAI score of that tooth. The teeth were classified as endodontically treated if a radiopaque material was radiographically evident filling the root canal(s). For each subject, a structured form was fulfilled containing the following information: the total amount of teeth, the amount and the location of all the teeth associated with periapical radiolucencies, the amount and the location of endodontically treated teeth, and the amount and the location of endodontically treated teeth associated with periapical radiolucencies.
Observers' Calibration
Three blinded observers, expert in the evaluation of radiographs for endodontic diagnosis, examined the images and established the periapical diagnosis. Previously, these observers were calibrated in the PAI system performing a course consisting of the analysis of 100 dental radiographic images that Dr. Ørstavik delivered (Dr. Ørstavik proposed the Periapical Index in 1986, and he was the one who defined the 100 periapical radiographs that are used as a gold standard to apply said index). Every assessed tooth was classified as one of the 5 categories within the scale of PAI, according to the reference images kindly provided by Dr. Ørstavik. 18 Then the assessments made were compared with the "gold standard atlas," and a Cohen Kappa was calculated (0.76 to 0.84). To determine the intraobserver reproducibility of each of the examiners, each of them analyzed and diagnosed the panoramic radiographic images of 10 patients from the study group and 10 subjects from the control group. After 1 month, the examiner was recalibrated in the PAI system and again analyzed, diagnosed, and assigned scores to the same 20 panoramic radiographs. The Cohen's Kappa for the intra-observer agreement ranged from 0.86 to 0.93.
Ultimately, intra-observers reproducibility was likewise determined matching the PAI scores on the 20 radiographs delivered by every observer. The agreement test gave a Cohen's Kappa ranging 0.81-0.90. For inter-observers variability, the calculated Cohen's Kappa ranged from 0.76 to 0.88. The consensus radiographic standard was the simultaneous interpretation by the 3 examiners.
20, 21
Statistical Analysis
The prevalence of AP and RCT was assessed on the total amount of subjects and the total number of teeth. The minimal sample size (n = 49) was determined using the sample size calculator software of the National Center for Advancing Translational Sciences (NIH, UK) (www.sample-size.net/samplesize-proportions) 22 for the comparison of proportions in 2 independent samples, with continuity correction. They took into account a 2-sided significance level of 5% (α = 0.05, Zα = 1.960) and 80% power (β = 0.20, Zβ = 0.842) to detect an assumed disparity among the proportion of the 2 groups of 30 points (prevalence of AP described previously in Spanish population ∼ 40%; 9 hypothesized prevalence of AP in the study group was 70%).
Raw data were entered into Excel (Microsoft Corporation, Redmond, WA). All analyses were performed in an SPSS environment (Version 11; SPSS, Inc, Chicago, IL). The significance of differences among groups were determined using the χ 2 test, the Student t test, and the logistic regression analysis. Data are reported as mean ± standard deviation. According to the established significance level, a P value ≤0.05 was considered statistically significant.
ETHICAL CONSIDERATIONS
The protocol of this age-and gender-matched casecontrol study (number 1500-N-16) was approved by the Ethical Committee of the University Hospitals of Seville (Spain). All patients and subjects included in both the study and control groups were advised of the nature of the study and signed a consent form. Table 4 shows the distribution analysis of variables in the 2 groups. The average number of teeth per patient was 24.9 ± 3.9 and 25.5 ± 5.5 teeth in the study and control groups, respectively (P > 0.05). In the study group, the mean number Small changes in bone structure 3
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Severe periodontitis with exacerbating features of teeth with AP was 0.5 ± 0.8, whereas in the control group, it was 0.4 ± 0.8 (P > 0.05). The number of RFT was also similar in both groups, being 0.8 ± 1.0 in the SG and 1.1 ± 1.8 in the CG (P > 0.05). There were no significant differences in smoking between the study group and the control group (P > 0.05). After analyzing the SG, no significant differences were observed among patients with UC and patients with CD in the number of teeth with AP, in the number of RFT, nor in the number of RFT with AP (P > 0.05).
In the study group, 19 patients (35.2%) had at least 1 tooth with RPL, whereas in the CG it was present in only 9 subjects (16.7%) (P = 0.03) ( Table 5 ). The calculated odds ratio (OR) was 2.71 (95% confidence interval [CI], 1.09-6.73; P = 0.03) ( Table 5 ). There were no differences between the groups in the number of patients with 1 or more RFT (OR, 1.69; 95% CI, 0.79-3.62; P = 0.18) nor in the number of patients with 1 or more RFT with RPL (OR, 1.63; 95% CI, 0.53-5.07; P = 0.39).
To analyze which variables influenced the periapical status, multivariate logistic regressions were run with number of teeth, number of RFT, and the presence of IBD (0, healthy control; 1, IBD), taking as dependent variable and outcome "periapical status" (0, no tooth with RPL; 1, at least 1 tooth with RPL) (Table  6 ). In the multivariate analysis, IBD status (OR, 5.7; 95% CI, 1.7-19.1; P = 0.0048) was highly significant, suggesting that subjects with IBD have RPL with higher likelihood than controls. The number of RFT was also significantly associated with the presence of RPL (OR, 2.2; 95% CI, 1.5-3.2; P = 0.0001).
DISCUSSION
The aim of this age-and gender-matched case-control study was to investigate the frequency of RPL and RFT in patients with IBD and healthy control subjects. The null hypothesis tested (ie, there are no significant differences in the occurrence of endodontic variables among control subjects and IBD patients) has been partly refused. The results show a significant association among IBD and the presence of RPL. Specifically, IBD patients are 5.7 times more likely to present apical periodontitis compared with healthy control subjects (P = 0.005). On the contrary, the frequency of RFT was similar in IBD patients and control subjects (P > 0.05). The number of teeth and the number of root-filled teeth 23 have been shown to be significantly associated with periapical radiolucencies. However, in the present study the number of teeth and the number of RFT were similar in IBD patients and control subjects.
The system for the selection of patients was similar to that used in previously published studies. 10, 11, 15 It is possible that IBD patients had more concerns about their overall dental health and were more likely to participate in the study. This could result in a spurious association between IBD and periapical disease. However, we think this is unlikely as only 2 patients refused to participate. Inflammatory bowel disease was diagnosed according to the current criteria for the diagnosis of CD and UC. 16, 17 The low percentage of patients with ileocolonic disease and the high percentage of patients with isolated ileal disease is striking. However, previous studies conducted in Spain 24 have found similar distribution of IBD subtypes. In relation to periapical status, the PAI is a scoring system 18 widely used in epidemiological and clinical studies in which the presence of RPL is assessed to determine the prevalence of AP. 10, 25 In recent decades, the results of epidemiological studies suggest a link among AP and some systemic diseases, such as diabetes mellitus, 12 cardiovascular disease, 26 tobacco smoking, 19 osteoporosis, inherited coagulation disorders, and others. 27 Although a causal relationship has not been established among AP and these diseases, 28 these findings have contributed to promote a greater attention to the oral health of these patients. In addition, these findings have led to the investigation of the possible association of other diseases with endodontic pathology. This has also happened recently with IBD. 15, 29 Even though the etiology of IBD is not exactly known, it has been shown that both genetic and environmental factors play a role in its pathogenesis. 30 The characteristic intestinal inflammation would be produced by an inadequate immune response of the intestinal mucosa against the luminal antigens in a host with genetic susceptibility, resulting in an imbalance of pro-inflammatory and anti-inflammatory factors. 31 Signs and symptoms of these diseases are abdominal pains, poor appetite, weight loss, diarrhea, and rectal bleeding, with patients showing active episodes and asymptomatic intervals. 32 Several studies have analyzed the possible relationship between IBD and periodontal disease. 5, 6 The pathogenesis of both periodontal disease and IBD implicates a complex interaction between bacteria and the host immune response, critically influenced by genetic and environmental factors. 33 A systematic review by Papageorgiou et al (2017) 34 concluded that IBD patients had a significantly higher risk of periodontal disease and worse oral health compared with control non-IBD patients. Although AP has an etiology, pathogenesis, and clinical manifestations similar to that of periodontal disease, 27 very few studies have been carried out investigating the periapical and endodontic status of patients with IBD. A cross-sectional study analyzed the consumption of dental treatment among patients with IBD, finding that either CD or UC patients needed 15 have reported that the number of teeth with AP in women with IBD are significantly higher. Patients with IBD showed a significantly higher PAI index score than controls. Multivariate logistic regression analysis shows RPLs are more frequent in IBD patients after adjusting for age, gender, number of teeth, and number of root-filled teeth (OR, 5.7; 95% CI, 1.7-19.1; P = 0.005).These results are in accordance with previous reports finding worse oral health status in patients with IBD. 5, 6, 15 Therefore IBD could be considered an independent risk factor for the development of chronic inflammatory oral diseases such as periodontal disease and apical periodontitis.
The percentage of patients with at least 1 RFT associated with RPLs was similar in both IBD patients and control subjects (P > 0.05). Although periapical radiolucencies associated with RFT could represent persistent chronic apical periodontitis or incomplete healed lesions after root canal treatment, they can also be interpreted as healing lesions, especially when less than 2 years has passed since the termination of treatment. 36 A previous study has shown that periapical lesions of patients with IBD taking biologic medications, such as anti-TNFα, healed faster after nonsurgical endodontic treatment compared with healthy control subjects. 29 The authors attribute this fact to a possible beneficial effect for the endodontic treatment of biological drugs. 29 Nevertheless in the present study, only 3 of the IBD patients were taken adalimubad or infliximab, 2 anti-TNFα medications.
Some considerations should be made about the coherence and biological plausibility of these results regarding the mechanisms by which periapical or endodontic status could affect bowel diseases and vice versa. The dysbiosis of the gut microbiota, typical of IBD, could contribute not only to the development of intestinal disorder but also to the extraintestinal inflammatory oral diseases. 15 On the other hand, oral biofilms implicated in both periodontal and periapical diseases could influence the development of IBD. 37 It has been proposed that swallowing oral dead bacteria could stimulate several pathogens in the gut (necrotrophy), creating new phenotypes by upregulation of bacterial virulence genes. 37, 38 Another possible link among apical periodontitis and IBD could be the immune system. Ulcerative colitis is classified as a T H 2 type immune disease, characterized by an upregulation of interleukin (IL)-5, whereas CD is classified as a T H 1 type immune disease, showing high levels of interferon gamma (IFN-γ), IL-12, and tumor necrosis factor alpha (TNF-α). 39 Both type of immune responses are implicated in the course of apical periodontitis. The initial response of Th1 lymphocytes, with the subsequent activation of osteoclasts by the nuclear factor kappa B ligand (RANKL), has been implicated in the progression of periapical bone destruction that characterizes apical periodontitis. 40 On the contrary, the later onset of Th2 lymphocytes response seems to be related with periapical repair after endodontic treatment. 41 Thus the genotype-the main determinant of the immune response of each person-could be the link that associates both pathologies.
The present study has several limitations. First, some relevant factors that impact the periapical status and the frequency of root canal treatment have not been considered, such as educational level, socioeconomic status, diabetes, caries, quality of coronal restorations, quality of endodontic treatment, and history of trauma. 23 These factors could act as confounding factors. Second, the quality of root canal filling and coronal restoration have not been considered when evaluating the presence of periapical radiolucencies. Additionally, confounding factors, such as quality of root canal filling and coronal restoration, are associated with the prevalence of chronic AP. These confounding factors were not taken into account in the evaluation of radiolucent periapical lesions. This has been proven to be associated with the prevalence of chronic apical periodontitis. 14, 23 It could explain the wide OR confidence interval observed in the multivariate analysis. The control of confounding factors is difficult, mainly when any influence on apical periodontitis is probable to be multifactorial.
CONCLUSION
These results suggest that both types of IBD, ulcerative colitis and Crohn´s disease, are associated with a higher prevalence of apical periodontitis. Prospective longitudinal studies are needed to clarify if there is a causal relationship between periapical status and IBD. Therefore, an oral health protocol should be established in these patients to address the higher prevalence of inflammatory oral processes.
